This paper develops a random mean square Fourier transform approach to solve random partial differential heat problems with nonhomogeneous boundary value conditions. Random mean square operational rules for the random Fourier sine and cosine transforms are stated and illustrative examples are included.
obtained in the deterministic case, that is, when the random data become deterministic. Secondly, if X n (t) represents 23 an approximation of the exact solution, X(t), in the mean square sense, then the expectation, E[X n (t)], and the variance,
24
Var[X n (t)], will converge to the exact values, E[X(t)] and Var[X(t)], respectively, for each t, i.e., 
see Theorems 4.2.1 and 4.3.1. of [5] .
with nonhomogeneous boundary value conditions of the type 28 w t (x, t) = L w xx (x, t) , x > 0, t > 0 ,
w(x, 0) = f (x; B) ,
or
w(x, 0) = f (x; A) ,
where L is a positive random variable (r.v.) independent of r.v.'s A and B, all of them satisfying additional properties 29 to be specified later. In the previous models, f (x; B), g(t; B) and f (x; A) are stochastic processes (s.p.'s) described of random heat problems in a infinite medium. This paper deals with the construction of reliable solutions of models
34
(2)-(4) and (5)- (7) by extending to the random scenario the Fourier sine and cosine transforms.
35
This paper is organized as follows. Section 2 is devoted to introduce some preliminaries that will clarify both the 36 understanding and reading of the paper as well as the presentation of results of next sections. Section 3 considers 37 the random heat problem (2)-(4) with the so called third kind boundary conditions [1] . By using random Fourier 2. Preliminaries about mean square and mean fourth random calculus
45
For the sake of clarity, we begin this section by reviewing the main definitions and results belonging to the so-
46
called L p -calculus. In this paper, we are mainly interested in L 2 and L 4 -calculus, which are usually referred to as mean square (m.s.) and mean fourth (m.f.) calculus (see [5, 6] for further details). Throughout this paper, the triplet
48
(Ω, F , P) will denote a probabilistic space.
49
We say that a real r.v. 
will play an important role in the subsequent development in the particular case that p = 2 which permits to relate 
Truncated r.v.'s constitute an important class of r.v.'s satisfying condition (10) , see Remark 1 in [16] .
71
Suppose that apart from (10) we assume that realizations of r.v. L have a positive lower bound
then from the definition of expectation, it follows that
and from (12)
Note that in (13) the commutation between the expectation operation and the infinite sum is justified because of the 76 m.s. convergence of the random series
and the application of property (1).
77
We close this section by computing the following random integral 
and
respectively. Note that from (16) both integrals appearing in (17) and (18) 
where 
Let r(x) and s(x) be m.s. integrable s.p.'s defined in the real line, and note that the m.s. absolute integrability of 
Assume that r(x), s(x) satisfy
Under hypothesis (22) and property (9) for p = 2 together with Cauchy-Schwarz inequality for deterministic real 104 functions one gets
Thus the convolution of two 4-s.p.'s r(x) and s(x) satisfying (22) 
Now we are going to give a convolution formula for the random Fourier cosine transform based on (23) and (20). 
On the other hand, applying (20) on the even s.p. (m p * n p )(x), one gets
Then, taking into account (24) and (25) it follows that
where, it is easy to show (see [25, sec. 7 .4] for the corresponding deterministic result) that
Following the ideas of the deterministic inverse Fourier sine and cosine transforms, see 
respectively. This definition follows straighforwardly for 4-s.p. in the m.f. sense and, in this case, it coincides with 120 the m.s. inverse Fourier sine and cosine transforms.
121
The following result contains some m.s. operational rules that will be used in Sections 3 and 4 to solve the random 
For the sake of convenience for the subsequence development, we introduce the following examples. 
By linearity and applying 
by using the exact value of its realizations
Given ω ∈ Ω, we wish to evaluate 
From (30), and using (31)-(32) with 2 √ t ξ in place of ξ one gets (29).
134
Example 2. Let us assume that L is a positive 4-r.v. satisfying condition (11). Let t > 0 and x > 0 and let us consider the s.p.
Next, we show that q(x; L) is m.f. continuos and
Let x ∈ (x 0 − δ, x 0 + δ), x 0 and δ > 0 such as x 0 − δ > 0. Then, taking K = x 0 + δ > 0 and using condition (11), one 
2 /2ℓ 1 t dx < +∞ .
6
In this section we deal with the random heat problem for the temperature distribution u(x, t) in a semi-infinite bar
145
with zero temperature at the left-end x = 0 and random initial temperature:
where L is a positive 4-r.v. satisfying certain properties to be specified later, and f ( 
By applying the random Fourier sine transform to (38) one gets
Hence, the problem (36)-(38) is transformed into the random initial value problem for the variable t
Let us assume that F s (ξ; B) is a 4-s.p., and the moment generating function of r.v.
Then by Theorem 8 of [19], the solution s.p. of problem (40) is given by
By applying the random inverse Fourier sine transform, defined by (28), to both members of (42) one gets
Using the well-known trigonometric formula
with a = ξ s, b = ξ x, we can rewrite (43) in the form 
Note that if u(x, t) is a solution 2-s.p. of problem (36)-(38) and v(x, t) is a solution 2-s.p. of problem (48)-(50), then
169 by linearity,
is a solution 2-s.p. of problem (2)-(4). Thus the following result is proved. 
w(x, t) =
Using the independence of r.v.'s A, B and L, one computes the expectation and the variance functions of the solution 175 2-s.p. w(x, t), given by (51), as closed expressions:
where
) ( e
Example 3. Consider the problem (2)-(4): 
(2)-(4). In Figures 1 and 2 Let us consider the auxiliary problem
and note that if u(x, t) is a solution 2-s.p. of (58)- (60), and v(x, t) is a solution 2-s.p. of the problem
then, by linearity
is a solution 2-s.p. of problem (5)-(7). As problem (61)-(63) was solved in [16], we focus our attention on problem
208
(58)-(60). Assume L is a positive 4-r.v. with some additional properties to be specified later and f (x; A) is a 2-s.p. 
what means that u(x, t) is regarded as a s.p. of the active variable x, for fixed t > 0. By applying the random Fourier 212 cosine transform to the right-hand side of equation (58) and using Theorem 1-(iv) together with condition (59) and
213
(65), it follows that
Applying the random Fourier cosine transform to the left-hand side of (58) and by Lemma 2 of [16] , it follows that
Also from (60) one gets
By linearity and (66)-(68) one gets the transformed random ordinary differential problem
given by
Note that by Example 1, for each fixed t > 0,
Now in order to use the convolution property for the random Fourier cosine transform (see (19)- (27) 
Note that from Example 2 the 4-s.p. q(x; L), defined by (71), also verifies conditions given by (72). Taking into 223 account the previous exposition, from expressions (26)- (27) and (70)- (71) it follows that a solution 2-s.p of problem
224
(58)- (60) is given by
Summarizing, the following result has been established 
Using the independence of r.v.'s A, B and L, one computes the expectation and the variance functions of the 237 solution 2-s.p. w(x, t), given by (74), as closed expressions by
Example 4. Consider the problem (5)- (7):
where the diffusion coefficient L follows a gamma distribution of parameters α = 2 and β = 1 truncated on the interval 
Hence, the hypotheses of Corollary 2 are satisfied and expression given by (74) is a solution 2-s.p. w(x, t) of problem

250
(5)-(7). 
Conclusions
255
In this paper we have solved heat problems (2)-(4) and (5)-(7) which are formulated through random partial 256 differential equations set in semi-infinite medium. To conduct the study we have extended the well-known deter- 
